Résumé. 2014 La partie nucléaire du potentiel d'interaction entre deux noyaux lourds a été calculée de deux manières différentes, à l'aide d'un formalisme de type Thomas-Fermi, en utilisant la même fonctionnelle de densité d'énergie. Le premier calcul a été effectué à partir de l'interaction entre deux volumes semi infinis et plans de matière nucléaire. Le second calcul est un calcul direct pour des noyaux finis. A partir de ces deux approches nous avons déduit une fonction dite universelle qui selon la loi d'échelle de proximité devrait être la même. En fait il n'en n'est rien et cela résulte de l'épaisseur de surface nucléaire qui est différente pour les noyaux finis et pour la matière nucléaire semi infinie. Par conséquent, ceci indique qu'il faut déduire cette fonction universelle d'un calcul direct.
and (2) we can check if the resulting function 4&#x3E;N(S) is the same for all systems. In reference 3 it has been shown, using the energy density formalism in the sudden approximation, that apart from minor deviations around a mean behaviour, the scaling law defined by equations 1 and 2 is satisfied. A similar scaling has also been demonstrated in references 4, 5 and in reference 6 at finite temperature.
Therefore it is interesting to compare both approaches (direct and SINM calculations) using the same energy density functional to obtain the interaction potential, the nuclear densities and the SINM slabs, and see how similar are the functions 4&#x3E;N(S). This will be the purpose of the present letter.
Our aim is not to justify the use of interaction potentials calculated in the sudden approximation, nor the use of a semiclassical approach for calculating nuclear densities. Our aim is to show that if we use the proximity formulation proposed by Blocki et al. [1] , which is claimed to be universal, there still exists big problems to calculate the proximity function 4&#x3E;N(S).
We have used as energy density functional the so-called SKM interaction proposed in reference 7. Within the Thomas-Fermi approximation, we have approximated the kinetic energy density by its modified Thomas-Fermi (MTF) expression [8] . With [10, 11] ] and used to get 4&#x3E;N(S) [10] . The full curve in the figure is the result of this approach. The difference between direct and nuclear matter calculations is apparent We have used symmetric N = Z Fig. 1. -Universal function ~N(s) deduced from a direct calculation of the interaction potential between two heavy ions (set of dots) compared to the one calculated from semi-infinite nuclear matter (full curve).
slabs to compute ~(.s). Had we taken into account the asymmetry, the potential would be slightly increased, but obviously not enough to reach the set of points resulting from the direct calculation.
The reason of the remaining discrepancy is the following. It can be shown from almost analytical arguments [ 12] or numerically [ 11 ] that semi-infinite nuclear matter is thicker than finite nuclei. Indeed, for the SKM force we use, Treiner and Krivine have shown [ 12] that as a function of A, the surface thickness decreases from its SINM value too as This variation is far from being negligible ( ~ 9 % in 208 Pb and bigger for smaller nuclei) and causes the ion-ion potential computed from SINM to be deeper than the one obtained from a direct calculation.
A similar effect (increase of the ion-ion attraction) arises when nuclei get heated up during the collision. In this case, nuclei become more diffuse at high temperature and thus the nuclear potential is more attractive [6, 9] .
Only the tail of the interaction potential is important in heavy ion reactions. In fact the fusion barrier is always located at s &#x3E; 0 when it exists (indeed the nuclear force is maximum at s = 0 [1] ). Nevertheless the large difference between the two curves, for s &#x3E; 0, will induce a difference in the fusion barriers of the order of 5-10 %.
For real nuclei shell effects are also very important because they will have an influence on the density profiles. In reference 4 calculations using the energy density formalism and Hartree-Fock nuclear densities have been done. As far as the proximity scaling is concerned, they show that the deviations around a mean behaviour is comparable to the one obtained here from a direct calculation of VN(R).
In conclusion, our results indicate that we do not get the same universal function ~(~) ~ we calculate it from SINM or if we deduce it from a direct calculation of heavy ion interaction potentials. This means that it is much better to deduce ~~(~) from systematic calculations on finite nuclei.
Nevertheless there will remain the problem of the choice of the energy density functional.
Indeed it has been shown in reference 4 that different choices can lead to different results for VN(R). Fortunately, it should be noted that those which give good fusion barriers are generally those which also well reproduce static properties of nuclei.
